Interdiffusion coefficients of lead (II) nitrate in water and in nitric acid (10 -10 M) mixtures at 298.15 K, and at 
Introduction
Heavy metals, with many useful applications in our life, are very harmful if discharged into natural water resources. Lead is an example of a heavy metal classified as priority pollutant by the US Environmental Protection Agency Metals w1x. Many industrial applications, e.g. surface treatment, still use lead in their components; it can also be absorbed by living beings; one interesting case is that cork used for many applications (as for example, sealing wine bottles and consequent diffusion of such metals to wine) can carry some amounts of lead absorbed by Quercus Suber L. In the last few years much work has been done in heterogeneous systems to remove lead from different environments w2,3x. Fundamental studies on Pb(II) solutions have been done often involving determination of self-diffusion coefficients by electrochemical techniques w4-8x. However, as far as *Corresponding author. Tel.: q351-239-852-080; fax: q351-239-827-703.
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the authors know, no data on the mutual differential diffusion coefficients of Pb(II) salts are published w9x.
Lead ( ended conductimetric capillary cell w11,12x was used. These data fulfil a gap in the literature for heavy metal ions and will help the understanding of the mechanism of sorption and release kinetics of these ions in polymeric systems.
Experimental

Reagents
Lead (II) nitrate, Pb(NO ) and nitric acid (HNO ) 3 2 3
were obtained from Riedel-de-Haen, pro analysis grade. Pb(NO ) solutions were prepared from the solid salt, 3 2 dried at 120 8C; distilled and degassed water, with an ionic conductivity lower than 1.0=10 V m , was y4 y1 y1
used.
Open-ended conductimetric capillary cell
An open-ended capillary cell, used to obtain mutual diffusion coefficients of a large amount of electrolytes w13x, is described in great detail in previous papers w14-16x. Basically, it consists of two vertical capillaries, each closed at one end by a platinum electrode and positioned one above the other with the open ends separated by a distance of approximately 14 mm. The upper and lower tubes, initially filled with solutions of concentrations 0.75c and 1.25c, respectively, are surrounded with a solution of concentration c. This ambient solution is contained in a glass tank 200=140=60 mm immersed in a thermostat at 25 8C. Perspex sheets divide the tank internally and a glass stirrer creates a slow lateral flow of ambient solution across the open ends of the capillaries. Experimental conditions are such that the concentration at each of the open ends is equal to the ambient solution value c, i.e. the physical length of the capillary tube coincides with the diffusion path. In other words, the required boundary conditions described in the literature w12x to solve Fick's second law of diffusion are applicable. Therefore the so-called Dl effect w11,12x is reduced to negligible proportions. In a manually operated apparatus, diffusion is followed by measuring the ratio wsR yR of resistances R and R of the t b t b upper and lower tubes by an alternating current transformer bridge. In an automatic apparatus, w is measured by a Solartron digital voltmeter (DVM) 7061 with 6.5 digits. A power source (Bradley Electronic Model 232) supplies a 30-V sinusoidal signal at 4 kHz (stable to within 0.1 mV) to a potential divider that applies a 250 mV signal to the platinum electrodes at the top and bottom capillaries. By measuring the voltages V9 and V99 from top and bottom electrodes to a central electrode at ground potential, in a fraction of a second, the DVM calculates w. In order to measure the differential diffusion coefficient D at a given concentration c, the bulk solution of concentration c is prepared by mixing 1 l of 'top' solution with 1 l of 'bottom' solution, measured accurately. The glass tank and the two capillaries are filled with c solution, immersed in the thermostat, and allowed to come to thermal equilibrium. The resistance ratio ws w measured under these conditions (with solutions iǹ both capillaries at concentration c) accurately gives the quantity t s10 y(1qw ).
4T
he capillaries are filled with the 'top' and 'bottom' solutions, which are then allowed to diffuse into the 'bulk' solution. Resistance ratio readings are taken at recorded times, beginning 1000 min after the start of the experiment, to determine the quantity ts10 y(1q 4 w) as t approaches t . The diffusion coefficient is evaluated using a linear least-squares procedure to fit the data and, finally, an iterative process using 20 terms of the expansion series of Fick's second law for the present boundary conditions. The theory developed for the cell has been described earlier w11x.
Instruments
pH measurements were carried with a pH meter PHM 240 from Radiometer, with a pH conjugated electrode Ingold U457-K7; the electrode was calibrated immediately before each experimental set of solutions. From pH meter calibration results a zero pH of 6.897"0.030 and sensitivity higher than 98.7%. pH was measured in fresh solutions and the buffers used were IUPAC-type of 4 and 7 pH. UV-spectra were obtained using a spectrophotometer Jasco V-530; the spectra were obtained between 345 and 265 nm with a bandwidth of 1.0 nm.
Results
Mutual diffusion coefficients of Pb(NO ) in aqueous parameters. Table 5 shows the coefficients a to a of 0 4
Eq. (2). They may be used to calculate the values of diffusion coefficients at specified concentrations within the range of the experimental data shown in Tables 1-4 . The goodness of the fit (obtained with a confidence interval of 98%) can be assessed by the correlation coefficient, R . can be neglected only at 0.1 M concentrations, probably due to other phenomena such as, for example, ion-pair formation w18-20x. Those deviations can be mainly due to two different factors: (a) alteration of free Pb (II) concentration with a decrease of hydrolysis products; andyor (b) effect of the free hydrogen ion concentration in solution.
To understand the transport process of this electrolyte in the above systems, it is necessary to know the behaviour of Pb(NO ) in aqueous solutions. For that 3 2 the experimental interdiffusion coefficients were compared, as a first approach, with those estimated by the Onsager-Fuoss equation (Eq. (3) )
In Eq. (4), the first-and second-order electrophoretic terms are given by ates 'its own' HNO flux. Thus, the Pb(NO ) ywater 3 3 2 mixture should be considered a ternary system. However, in the present experimental conditions we may consider the system as pseudo-binary, mainly for cG0.01 M. For c-0.01 M, we can estimate the concentration of H O produced by hydrolysis of Pb(II) using Eqs. 
where a=100 and b=100 are the percentages of nitric acid and lead nitrate, respectively. From Table 6 we can conclude that, for cG0.01 M, a becomes very low, suggesting that either the hydrolysis effect or the contribution of D (HNO ) to the whole diffusion process, of 3 can be neglected. Another limit situation occurs in the HNO (0.01 Table 1 ). While in the first case the nitric acid is the species that controls the diffusion process, in the latter is the lead (II) nitrate. Having in mind these considerations, we can also use Eqs. (5) and (6) to estimate the percentages of nitric acid and lead nitrate, which are, in each concentration range, controlling the diffusion process ( Table 7 ). For that, we took the experimental values of diffusion coefficients of lead nitrate in aqueous solutions (Table 1) 
